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2Cm  AOSTHACT  (CcntUtum  an  rm^mam  sidn  it  naeaaamrr  IdanUtr  ky  biock  numbaf) 

'when  a  relativistic  electron  beam  mobes  throu^  a  linearly  polarized  magnetic 
wiggler  it  exhibits  betatron  oscillations  along  the  direction  perpendicular  to 
the  motion.  There  is  also  a  small  defocusing  effect  along  the  transver^ 
direction  because  of  space  charge  repulsion.  In  case  with  a  low  emittance 
electron  beam,  computer  simulation  shows  a  negligible  increase  in  emxttance, 
althou^  the  phase  space  in  the  transverse  plane  may  vary  greatly  from  period  to 
period  because  of  the  betatron  effect. 
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a  Abstract 

Whan  a  relativistic  alactron  beam  moves  through  a  linearly  polarized  magnetic  Miggler  it 
exhibits  betatron  oscillations  along  the  direction  perpendicular  to  the  motion.  There  is 
also  a  small  defocuaing  sffeet  along  the  traneverse  direction  because  of  space  charge 
repulsion.  In  our  case  Mith  a  low  emittance  electron  beam,  computer  simulation  shows  a 
negligible  increase  in  emittance,  although  the  phaae  space  in  the  transverse  plane  may  vary 
greatly  from  period  to  period  because  of  the  betatron  effect. 

Introduction 

An  important  feature  of  the  UCSS  PEL  is  its  electron  oeam  recirculation.  Sacause  of 
this  recirculation,  the  electron  beam  transport  properties  of  the  wiggler  are  extremely 
important  even  if  we  ignore  their  affect  on  the  gain  mechanism.  The  parameters  of  the 
wiggler  and  the  electron  beam  in  our  simulation  are  shown  in  Taoal  1  and  Fig,  1. 


Table  1  Higgler  and  Electron  Beam 


WIGG 

LER 

ELECTRON  3EAM 

Period 

3.6  cm 

Energy 

3  Mev 

Peak  Field 

416  Gauss 

Current 

2  Amp 

Numoer  of  Periods 

160 

Radius 

2,5  mm 

Length 

576  cm 

Emittance 

1  mm-mr 

Magnetic  Field 

3yix,Q,z]  is  calculated  by  applying  the  3iot~Savart  Law  to  an  equivalent  current  sheet 
model  of  the  magnet  array,  with  this  and  the  Laplace  equation  for  the  scalar  potential  we 
can  find  the  coefficients  of  the  expansion  of  the  field  along  the  z~axis.  The  form  of  this 
wiggler  field  is 

3x  .  fCx.ylSINhz  , 

9y  •  3oM*g(x,y)  ICOSHkySINkz  , 

3z  •  3ol1»h(x,y) ISINHkyCOSkz  , 


wnars  x  •  If/i,  \  is  the  period  of  the  wiggler.  The  functions  f(x,y),  g(x,y)  and  h(x,yj 
are  due  to  the  finite  size  of  the  magnets  and  would  vanish  if  the  magnets  were  infinitely 
long.  In  Our  model,  we  calculate  the  field  to  fourth  order  in  the  expansion  of  powers  of  x 
and  y  along  the  z-axis.  We  take  9o  •  416.2  Gauss. 

Trajectories 


om  the  .orentz  force  equation  we  get  the  aquations  of  the  electron  trajectories: 

>y^  Iy'3z  -  (1*x'  )0y  *  x'y’Bxl  ♦  rme/ p*(1*x''*y’‘)tEx  -  x'Ez)  , 
•y"*  Ix'Bz  -  (I'y**  )8x  *  x’y'Byl  ♦  >me/o*  (1»x''»y'‘’)(Ey-y’Ez) 


<  ”  •  9/  0  '  1  ‘X  ’■ 

y  *  •  -9/0  >  1 -x 


(2a) 

(20) 


wnara  all  tne  derivatives  are  taxsn  with  respect  to  z,  i.e.,  x’  •  ox/dz,  y’  •  dy/dz,  ate. 
Bctn  wigglar  -islds  and  space  charge  fields  are  included  in  these  acuations. 

'o  -ind  some  basic  features  of  the  beam  we  can  simplify  these  aquations  by  xeeoing  only 
tr.a  lowest  order  terms,  giving 


•des 


I  rvi  « 


mvji,  a  .u/or 


0  1104 


X*  .  -a/p  "By  •  -a/p-floSINkz  .  (3) 

x'  .  8/p/k-3oC0Skz  .  (4) 

y"  »  -a/p'x'Bz  •  -a^/p^/k*Bo^kyCQSkz  ■  -a^ /p^ Bo^ CQSkz -y  .  tS) 

Tha  ■focusing  conatant  3  •  <e^ /p^  Bo^  coakz>*  •  (a^/p*/2 'Bo^  .  2.57/m.  tS) 


from  Epna.  5  and  S  wa  saa  tha  praaanca  o'f  a  Datatron  oacillation  along  tna  main  fiald 
oiraction,  i.a.,  tha  y-dlractlan.  Tha  anvalopa  of  tha  alactron  baam  is  shown  in  fig.  2 
whara  both  tha  oatatron  affact  and  tha  spaca  charga  affact  ara  claarly  damonatratad. 
Notica  that  wa  injact  tha  alactrona  with  soma  focusing  slopa  in  ordar  to  form  a  baam  waist 
at  about  tha  midpoint  of  tha  path.  The  result  also  shows  that  tha  betatron  affact  is 
exactly  tha  same  as  pradictad  by  Eqn.  S.  i.a..  Q  •  2ir/Xg  •  2.57/m  Impllaa  that  Xg  •  2v/2.S7 
m  •  2.44  m  •  56  X,  where  Xg is  tha  wavelength  of  tha  betatron  oscillation,  for  a  total  path 
of  ISO  X  we  should  ba  able  to  saa  about  2.4  periods  of  batatron  oacillation  or  4.8  peaks. 


Phase  space 


The  tranavaraa  phaaa  spaca  is  also  studied  and  shown  in  fig.  3.  Besides  the  batatron 
affact  we  find  that  both  tha  y-phasa  space  and  tha  x-phasa  spaca  ara  always  correlated, 
though  there  ara  soma  abarationa  in  tha  x-phasa  spaca.  These  absrations  ara  such  that 
soma  electrons  get  larger  x-alopaa  after  about  10  periods  and  coma  back  after  another  10 
pariods  and  have  tha  sama  phaaa  spaca  again.  To  explain  this,  wa  solve  tha  aquation  of 
motion  in  tha  x-dlractlon  to  tha  lowaat  ordar: 

-a/p  By  dz 


Ax ' 


C7) 


X* (Zj )  - 


(Zj) 


Tha  change  of  the  x-slopa  ia  equal  to  tha  integral  of  By  along  the  path.  If  By  is  a 
perfect  sinusoidal  function,  which  ia  true  only  in  tha  x-z  plana  (y«0) ,  tha  slops  of  the 
slectrona  will  not  change  at  all  after  each  period,  for  those  off-plane  electrons,  the 
y-positlon,  and  hence  the  amplitude  of  B$,  changes  because  of  tha  batatron  oacillation  (see 
fig.  2),  The  electrons  arc  picking  up  alopaa  whila  they  are  sliding  down  to  the  valley  of 
tha  anvalopa  and  losing  slopes  while  diming  up.  With  a  suitable  choice  of  the  peak 
wigglar  field  the  electron  beam  can  again  become  not  aberatad  at  tha  and  of  tha  wiggler  so 
that  we  can  collect  most  of  the  electrons. 

In  real  cases  tha  wigglar  ia  not  perfect.  Tha  fiald  of  each  period  is  not  identical. 
Thera  ara  always  soma  fluctuations  in  tha  amplitude.  Will  they  affect  tha  correlation  of 
tha  electron  beam?  To  answer  this  question  we  make  another  simulation  with  an  assumption 
that  thare  is  a  S\  fluctuation  in  the  field  of  the  wigglar.  The  result  is  shown  in  fig.  4. 
Wa  saa  that  tha  alactron  baam  can  still  be  somewhere  without  aberatad  along  the  path.  The 
raason  for  this  wall  behaved  phenomenon  is  the  same  as  above  except  that  tha  fluctuations 
in  the  field  do  not  contribute  jrcfltXy  to  tHo  oniittoncs  bscouso  chsnjB  tho 
alooe  due  to  tna  fluctuotlona  of  tha  fiald  is  closa  to  zto* 


Conclusiona 

The  amittanca  of  an  alactron  beam  of  initially  low  emittance  will  not  change  greatly 
during  passage  through  a  linearly  polarized  magnetic  wiggler.  Thus  tha  wigglar  will  not 
adversely  sffact  tha  recirculation  of  the  electron  baam.  By  choosing  a  correct  peak 
wigglar  field  wa  should  be  able  to  eliminate  the  amittanca  of  the  electron  beam  at  the  and 
of  the  wigglar. 
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